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Abstract 
Salix psammophila activated carbon was prepared by three different kinds of activator, and their adosorption of 
Methylene Blue (MB) have been investigated. Experiments were explored the effects of the time, temperature and pH 
value to adsorption of Methylene Blue, and adsorption isotherms and adsorption kinetics were obtained. The 
experimental results indicated that adsorption of activated carbon were found to conform to the pseudo-second-order 
kinetics with good correlation and fitted well with the Langmuir isotherm. The higher pH value and temperature are 
conducive to the conduct of adsorption. 
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Introduction 
Salix psammophila is a perennial shrub which widely grow in arid and semi-arid areas of Western 
Inner Mongolia. It has some characteristics such as hardy, drought-tolerant, high sand burial, adaptable, 
fast-growing and so on. It is needed flat stubble for 3-5 years, and then grown stronger then before. Hence, 
salix psammophila wich is used to be sand-fixing and wood raw materiais is a wide-source, large 
accumulation, renewable number but low rates of utilization every years[1].   
Methylene blue commonly used in hemp、silk fabric、stained paper dyeing and bamboo, wood 
coloring as a chemical agent in printing and dyeing enterprises[2]. It’s wastewater which had high 
concentrations、color depth and emissions largely has become a main source of pollution. Therefore, 
wastewater treatment turned into a difficult promble. Removal organic dyes from aqueous solution by 
adsorption is a mefficient method. To improving the utilization value, activated carbon were perpared 
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with salix psammophila which as a raw material in this experiment. Not only reduces the cost of 
preparing activated carbon, and that the realized the added value of Salix psammophila. The  adsorption 
isotherms and kinetics were investgated, and adsorption capacity of Salix psammophila activated carbon 
to methylene blue were evaluated. 
1 Materials and Methods 
1.1  Experimental Materials 
Raw materials:Salix psammophila, moisture content 7%. Instrument: box-type resistance furnace 
(FSX2-12-15N); Double-beam UV-visible spectrophotometer(TV-1901), with two telflons with 1 cm; 
thermostated shaker (SHA-C); pH test paper.Agent: Phosphoric acid solution,85%（chemically pure）; 
Potassium hydroxide（chemically pure）; Zinc chloride solution，45%（chemically pure）; Methylene 
blue. 
1.2 Experimental Methods 
1.2.1 Preparation 
Salix was dried 24 hours in oven with 100℃, and then crushing and screening. Salix powder was taken 
on three beakers and numbering 1,2,3 respectively. ZnCl2 aqueous solution was poured into 1th beaker; 
H3PO4 aqueous solution was poured into 2nd beaker; KOH powder was poured into 3rd beaker. And then 
to stir and mix was followed by carbonization and activation in box-type resistance furnace respectively. 
The activated carbon were washed with distilled water until the pH of the supernatant (fluid) reached 
6.00-7.00, and then dried at 120℃ to obtain the sample AC-1, AC-2, AC-3. 
1.2.2 Adsorption experiments 
(1) Adsorption Studies[3]: AC-1、AC-2、AC-3 were weight 30mg respectively. All batch adsorption 
experiments were performed on a thermostated shaker (SHA-C) with a shaking of 120 rpm(The initial 
solution concentration is 500mg/L, pH 7). The system was maintained under shaking at 30℃ until 
adsorption equilibrium reached. The influence of pH on MB adsorbance was studied by adjusting MB 
solutions to different pH values (2, 4, 6, 8, 10) using a pH meter through joining 0.1mol/L HCL or NaOH 
and agitating at 30℃ for 8h. The effect of temperature on dye adsorbance was studied by adjusting MB 
solutions to different temperature (30,40,50℃) and agitating at 30℃ for 8h. The formula of absorpion of 
methylene blue onto activated carbon is given as  
m
VCeCoQ ×−= )(                                                                                          （1） 
Where Co and Ce are the initial concentration and equilibrium concentration of methylene blue solution, 
mg/L; V is the capacity of methylene blue solution, L; W is activated carbon quality, g. 
(2) For adsorption kinetics: 500 mg/L dye solutions (25.00 mL, pH 7) were agitated with 30mg of AC-
1、AC-2、AC-3 at 30℃ for predetermined intervals of time respectively which was maintained under 
shaking in 120rpm until adsorption equilibrium reached. The mixture was centrifuged and Methylene 
Blue remaining unadsorbed was determined spectrophotometrically. The adsorptive capacity was 
calculated, and then devising the adsorption kinetics curve. 
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(3) For adsorption isotherms: The Langmuir isotherm is strictly applicable to monolayer 
chemisorptions. The well-known Freundlich isotherms is widely used to describe adsorption on a surface 
having heterogeneous energy distribution[4]. The experimental data are tested with respect to both these 
isotherms: 
Langmuir: 1
L
Ce Ce
Qe K Qm Qm
= +×
                                                                                                    （2） 
 Freundlich: 
1
nFQ K C= ×                                                                                                                 （3）
Where Qm is the equilibrium adsorption of activated carbon, mg/g; KL is Langmuir coefficients, L/mg; 
KF  is Freundlich coefficients, L/mg. Adsorption isotherms were determined using different concentrations 
of dye which resulted in an equilibrium concentration. The adsorptive capacity was calculated, and then 
devising the adsorption kinetics curve. 
2 Results and discussion 
2.1 Effect of pH value on adsorption 
The pH value of the dye solution is an important factor for the determination the adsorption of solutes. 
The influence of the pH value in the original solution on the adsorption capacity of dye is shown in Fig.1 
(a). This result indicated that when the pH value of the dye solution was raised from 2 to 12, the 
adsorption capacity was assumed the increasing tendency. This reason was maybe the static electricity 
mutual action between MB and activated carbon which was controlled by pH value. When the pH value 
of the dye solution was raised from 2 to 12, the adsorption capacity of AC-1 to MB was raised from 
310.83 mg/g to 414.04 mg/g, the adsorption capacity of AC-2 to MB was raised from 326.04 mg/g to 
414.63 mg/g, the adsorption capacity of AC-3 to MB was raised from 473.16 mg/g to 523.18 mg/g. Two 
possible mechanisms of adsorption of MB may be considered: (a) electrostatic interaction between the 
protonated groups of AC and the dye;  (b) the chemical reaction between the adsorbate and the adsorbent. 
Activated carbon is known to be amphoteric, that is, its variable-charge surface can develop positive or 
negative charge depending on solution pH[5]. In the process of adsorption, at a lower pH, the adsorbent 
surface is positively charged, favoring adsorption of ationic contaminants. Beacuse of MB is a cationic 
dye, positive charge which is occupied the feasible adsorption position compete with dye molecules, 
resulting in a lower adsorption of dyes; while at a higher pH, negatively charged surface facilitates 
adsorption of canionic contaminants. The excessive hydroxyl ions may absorb the dye molecules and 
hence the adsorption is arised, allowing more formation of covalent bond with the reactive dye. This 
suggests that the chemisorption mechanism might be operative. Similar trend observed in the adsorption 
of MB on AC of duckweed or shell of sunflower seed[6-7]. 
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Fig.1 (a). Effect of the pH values on adsorption capacity   (b) Effect of the temperature on adsorption capacity 
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2.2 Effect of temperature on adsorption 
It is important to investigate the effect of temperature on adsorption in a view of practical application. 
Fig .1(b) show the relationship between the temperature and the adsorption capacity of MB by the AC-
1、AC-2、AC-3 respectively. The adsorption capacity of the activated carbon increased with increasing 
of the temperature from 30 to 50℃, the adsorption capacity of AC-1 to MB was raised from 347.92 mg/g 
to 388.75 mg/g, the adsorption capacity of AC-2 to MB was raised from 358.13 mg/g to 395.42 mg/g, the 
adsorption capacity of AC-3 to MB was raised from 469.56 mg/g to 501.27 mg/g. On one hand, the 
mobility of the large dye ions increases with increasing temperature which leads to a increase in the 
adsorption capacity of AC with further increasing temperature. On the other hand, it is found that the 
adsorption is an endothermic reaction and that increasing temperature may produce a swelling effect 
within the internal structure of absorbent, penetrating the large dye molecule further[8]. The same 
phenomenon was also observed by coconut shell activated carbon study [9]. 
2.3 Adsorption kinetics 
Two simplified kinetic models including pseudo-first-order and pseudo-second-order equations are 
analysed. The linear form of pseudo first-order kinetic model of Lagergren is expressed as follows [10]: 
303.2
log)log( 1tkqqq ete −=−                                                            （5）
The pseudo-second-order rate equation is given as[11] : 
qq et
t
qk
t
e
−= 2
2
1                                                                 （6）
Where k1 (min−1) and k 2 (g mg−1 min−1) are the adsorption rate constant of pseudo-first-order and 
pseudosecond-order adsorption rates, respectively. qe and qt are the amounts of dye adsorbed (mg/g) at 
equilibrium and at time t (min). 
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Fig 2 (a). Pseudo-first-order model for the adsorption of MB    (b). Pseudo-second-order model for the adsorption of MB 
As seen from Fig.2, the results described that the adsorption of MB on AC-1, AC-2 and AC-3 followed 
the pseudo-second-order rather than the pseudo-first-order, the pseudo-second-order model was more 
applicable for the system. The rate constants, the correlation coefficients and the calculated qe for the two 
kinetic models of salix psammophila activated carbon are shown in Table 1. Hence, the adsorption of 
MB on salix psammophila activated carbon was better described by the pseudo-second-order. 
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Table1 Kinetic parameters of three models for MB onto activated carbon  
Sample  Pseudo-first-order    Pseudo-second-order  
  R2  qe/(mg·g-1)  K1/(min-1）  R2  qe/(mg·g-1)  K2/(g/(mg·min))
AC-1  0.9639 225.89 0.0048  0.9929 333.33 0.000067 
AC-2 0.9478 232.17 0.0041  0.9934 357.14 0.000066 
AC-3  0.9851 424.13 0.0083  0.9932 500 0.000047 
2.4 Adsorption isotherms 
The experimental data yielded good linear plots with both Langmuir isotherm and Freundlich isotherm 
is shown in Fig.3. The linear form of Langmuir equation for a higher range of concentrations was 
employed to determine the adsorption capacity of the activated carbon rather than the linear form of 
Freundlich equation [12]. The Langmuir and Freundlich parameters computed are listed in Table 2.   
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Fig 3(a) Langmuir plot for the adsorption of activated carbon         (b) Freundlich plot for the adsorption of activated carbon  
Table2 Langmuir and Freundlich Constants for MB Adsorption on activated carbon 
Sample Langmuir  Freundlich 
  R2  KL/(L·mg-1)  R2 KF  1/n 
AC-1  1 1.032    0.7152  197.11 0.1019 
AC-2 1 1.4286  0.5516 215.13 0.094 
AC-3  0.997 1.043  0.656 227.82 0.1377 
3. Conclusion 
Salix psammophila activated carbon was prepared by ZnCl2 aqueous solution, H3PO4 aqueous 
solution and KOH powder, respectively. The MB dye adsorption results show that the activator, initial pH 
value of the dye solution and temperature depend on the adsorption test. The higher pH value and 
temperature are propitious to the adsorption on MB. In addition, the adsorption kinetics obeys the pseudo-
second-order model, and the isotherm follows the Langmuir monolayer model. The adsorption process is 
a spontaneous and end thermal physical process. Hence, Salix psammophila activated carbon can be 
used as effective adsorbents for the removal of MB from wastewaters. 
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